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article under the CC BY-NC-ND licenseAbstract Objective: To specifically report perioperative characteristics and outcomes in pa-
tients 80 years and older undergoing percutaneous nephrolithotomy (PCNL). PCNL has been es-
tablished as feasible in the elderly; however, to our knowledge no one has specifically reported
feasibility in patients 80 years and older.
Methods: We retrospectively reviewed perioperative data of octogenarians who underwent
PCNL at a high stone volume single institution, and matched them to patients <65 years of
age by stone burden and sex. Patient demographics, perioperative outcomes and postopera-
tive complications were compared.
Results: Thirty-three octogenarians (mean age 83.6 years) with 36 renal units were matched to
67 controls (mean age 48.6 years) with 72 renal units. Octogenarians had a higher mean Amer-
ican Society of Anesthesiologists (ASA) score, more comorbidities, and worse renal function.
There were no differences in operative characteristics, length of hospital stay or stone free
rates. Of the patients with preoperative urinary decompression (ureteral stent or nephrostomy
tube) prior to PCNL, the elderly were more likely to have a history of urosepsis. Octogenarians
did not experience more minor Clavien (I e II) or major Clavien (IIIa e IVb) complications.
Conclusion: Octogenarians who undergo PCNL were more likely to have cardiovascular comor-
bidities and a prior history of sepsis. Despite these risk factors, in appropriately selected pa-
tients PCNL can be safely and successfully performed in octogenarians without increased
perioperative complications relative to a younger cohort.
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PCNL in octogenarians 2091. IntroductionThough age itself is not considered an illness, decreased
functional reserve and associated comorbid conditions [1]
that manifests with increasing age results in excess surgi-
cal risk in elderly patients and plays a critical role in peri-
operative outcomes, thereby influencing the surgeon’s
decision to proceed [2]. However, as we learn more about
the physiology of aging surgeons are reducing their
thresholds for invasive, high-risk surgery [2]. An example is
the increasing rate of cystectomies performed for elderly
patients, with contemporary results from high volume
centers showing no significant increase in complications or
mortality for octogenarians [3,4]. The incidence of neph-
rolithiasis in octagenarians is growing as well [5] and
because of the high risk of urinary tract infection and renal
dysfunction with untreated large kidney stones, the con-
servative approach, even in elderly patients, may not al-
ways be wise [6,7]. Percutaneous nephrolithotomy (PCNL)
has been shown to be an effective and safe procedure in
patients of all ages but the data pertaining to elderly
mostly include patients around the age of 70 years [8e10].
Unfortunately, little if any data exist for complex stone
treatments in the small but expanding segment of the stone
bearing patients 80 years and older. To this end, we present
our experience with PCNL in octogenarian patients, and
compare their outcomes with a younger matched cohort. To
our knowledge this is the first report to specifically address
and include octogenarians.
2. Patients and methods
We retrospectively reviewed our nephrolithotomy database
and identified 33 patients (36 PCNLs) 80 years and older
(80e97 years) who underwent PCNL between July 2011 and
May 2014. Using a one-to-two case controlled study design,
72 procedures were identified in 67 younger patients
(21e64 years), who had undergone PCNL during the same
period. The sample was balanced according to mean stone
area (measured in at least two dimensions), number of
staghorn stones, and gender.
All PCNL procedures were performed by one of three
experience dendourologists (DH, ZO, or AS). With patients
in the prone position, renal calyceal punctures were
accomplished under fluoroscopic guidance using an 18G
diamond-tipped needle. The percutaneous access tract was
dilated up to 30 Fr with sequential Amplatz renal fascial
dilators or a balloon dilator at the surgeon’s discretion.
Stones were grasped and extracted or fragmented using an
ultrasonic probe with suction (Olympus CyberWand Dual
Ultrasonic Lithotriptor, Center Valley, PA, USA).
Initial intra-operative stone clearance was determined
with flexible nephroscopy, antegrade nephrostography, and
fluoroscopy at the end of the procedure. For patients with
fluoroscopically visible fragments that could not be iden-
tified under direct vision, a noncontrast CT scan was per-
formed on the first postoperative day and if significant
residual fragments existed, a second stage procedure was
performed. The final stone-free status was assessed for all
patients at the 3-month follow-up visit with renal ultraso-
nography or CT scan based on the imaging available at thetime of analysis. We defined stone clearance as those pa-
tients with no residual fragments. Operative time was
calculated between anesthetic induction and extubation.
Patient demographics, comorbidities, perioperative
data and complications were compared between groups.
Statistical analysis was performed using t-test for contin-
uous variables with normal distribution, and Chi-square test
for categorical covariates by Stata 11.0 (Stata Corporation,
College station, TX, USA). A p-value <0.05 was considered
statistical significance. IRB approval was granted for the
study.
3. Results
The mean age in the octogenarian cohort was 83.6 years
(range 80e97 years). Gender and laterality of stones were
comparable. Those in the elderly group were more likely to
have cardiovascular comorbidities, a higher American Society
of Anesthesiologists (ASA) score, worse renal function, and
were more likely to be on anticoagulant and antiplatelet
therapy.Aspirinwascontinued infiveoctogenariansand three
younger patients (Table 1).
Octogenarians were more likely to have preoperative
urine analyses which were nitrite positive (32% vs. 15%,
p Z 0.034), have positive (44% vs. 28%) or contaminated
(28% vs. 15%, p Z 0.026) preoperative urine cultures, have
received preoperative antibiotics (69% vs. 31%, p < 0.001),
and have a history of urosepsis (47% vs. 13%, p < 0.001) prior
to PCNL. In patients with a stent or nephrostomy tube
placed prior to PCNL, the elderly were more likely to have a
history of sepsis as well as preoperative antibiotics (Table 2).
However, the two groups showed no significant difference in
postoperative urinary tract infections (UTI) or sepsis within
30 days.
Stone area and percentage of staghorn stones were
similar between groups, consistent with our methods for
matching patients. Mean postoperative reduction in hemo-
globin, transfusion rate (with the need for being based
clinical variables such as light headedness, lethargy, hema-
turia as well as relative blood loss seen on routine laboratory
values and operative losses) and length of stay were similar
across both groups (Table 3). Stone free status was achieved
with no statistical significant difference between groups.
Perioperative complications were assessed according to
the modified ClavieneDindo classification (Table 4) [11].
There was no difference between groups in the rates of
overall (36% vs.46%, p Z 0.29), minor (Clavien IeII) or
major (Clavien IIIaeIVb) complications. Minor complica-
tions were predominately fevers managed with antipyretics
and antibiotics. Major complications included one bowel
injury in the 80-year-old group, and there was no signifi-
cant difference in the number of sepsis episodes requiring
intensive care (3 vs. 6; Clavien IVa) or angioembolization (4
vs. 5; Clavien IIIb) between groups. There were no mor-
talities (Clavien V).
4. Discussion
The feasibility of PCNL in the elderly has been reported,
but to our knowledge this is the first report specifically
examining PCNL in patients 80 years and older. It is
Table 1 Patient demographics in the two study groups.
Variable All renal units <65 years 80 years p-Value
Renal units (n) 108 72 36
Age (year), mean (range) 60.3 48.6 (21e64) 83.6 (80e97) <0.001
Gender 0.84
Male, n (%) 50 34 (47) 16 (44)
Female, n (%) 58 38 (53) 20 (56)
Laterality 0.68
Left, n (%) 60 39 (54) 21 (58)
Right, n (%) 48 33 (46) 15 (42)
BMI (kg/m2), mean (range) 31.1 33.2 (20.0e57.4) 27.2 (19.8e42.9) <0.001
Comorbidities
Diabetes mellitus, n (%) 36 28 (39) 8 (22) 0.06
Hypertension, n (%) 59 30 (42) 29 (81) <0.001
Hyperlipidemia, n (%) 36 20 (28) 16 (44) 0.07
Coronary artery disease, n (%) 19 10 (14) 9 (25) 0.12
Cerebral vascular accident, n (%) 7 1 (1) 6 (17) 0.005
CRI (GFR<60), n (%) 15 4 (6) 11 (31) 0.001
ASA classification, median 2 2 3 <0.001
Age adjusted Charlson comorbidity index, mean 3 1.74 5.5 <0.001
Medications 0.017
Aspirin, n (%); Held, n (%) 29 14 (19); 10 (71) 15 (42); 8 (53)
Clopidogrel, n (%); Held, n (%) 7 3 (4); 3 (100) 4 (11); 4 (100)
Coumadin, n (%); Held, n (%) 8 2 (3); 2 (100) 6 (17); 6 (100)
BMI, body mass index; CRI, chronic renal failure.
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symptomatic with chronic kidney disease (CKD), UTIs, pain,
and/or prior stone procedures. The evidence presented
here points to the safety and efficacy of treatment despite
the attendant co-morbid medical conditions in this
population.
Benson and colleagues [12] reported on 219 patients who
underwent PCNL: none of those who had a nephrostomy
tube placed prior to PNCL had episodes of systemic in-
flammatory response syndrome (SIRS) whereas 5.9% of the
patients without nephrostomy drainage did. This appar-
ently protective procedure may have played a role in our
patients both elderly and young. In our study there was no
significant difference between the elderly and the younger
cohort in regards to having preoperative drainage with
either a nephrostomy tube or stent (p Z 0.14). However,
when comparing patients who had a stent or nephrostomy
tube prior to PCNL, the elderly cohort were more likely toTable 2 Preoperative data in the two study groups.
Variable All renal units
Renal units (n) 108
Preoperative decompression
None, n (%) 67
Double-J stent, n (%) 20
Nephrostomy, n (%) 18
Preoperative antibiotics, n (%) 47
H/O UTI, n (%) 56
H/O sepsis, n (%) 26
H/O UTI, history of urinary track infection; H/O, history of.have a history of sepsis (47% vs. 13%, p < 0.001) as well as
be on preoperative antibiotics (69% vs. 31%, p < 0.001).
Here again we highlight a tendency for elderly patients to
require multiple procedures/medications and more in-
fections, and hence increased potential morbidity. Inter-
estingly, the elderly in our cohort with upper urinary tract
drainage present at the time of the PCNL were not more
likely to have fevers, SIRS, sepsis or overall complications
which may be due to the protective mechanism Benson
et al. [12] observed.
When examining other methods of stone management
for larger stones, Moreno et al. [13] noted increased age as
an independent risk for bacteriuria after extracorporeal
shock wave lithotripsy (ESWL). Polat and colleagues [14]
found an 84.4% stone free rate after ESWL for stones
>10 mm with an overall complication rate of 24.4%. The
mean stone size was 12.65 mm and patients on average had
2.04 treatments. In our elderly cohort we found 78% stone<65 years 80 years p-Value
72 36
0.14
47 (65) 20 (56)
14 (19) 6 (17)
8 (11) 10 (28)
22 (31) 25 (69) <0.001
36 (50) 20 (56) 0.42
9 (13) 17 (47) <0.001
Table 3 Stone and operative characteristics.
Variable All renal units <65 years 80 years p-Value
Renal units (n) 108 72 36
Mean stone area (mm2) 382.3 355.8 439.6 0.37
Staghorn, n (%) 27 18 (25) 9 (25) 0.59
Dilated tracts 1.33 1.33 1.33 1.0
EBL (mL), mean (range) 170 205 (50e1000) 97 (25e300) 0.006
Operative time (min), mean 76 77 73 0.55
Stone free, n (%)^ 80 59 (82) 28 (78) 0.23
EBL, estimated blood loss;^Defined as no residual fragments seen on renal sonography or computer tomography approximately 3 months
post-operatively.
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PNCL. The differences may reflect a larger and more
complex stone burden in our patients (average stone size
345.8 mm2). Furthermore, the patients in the current study
required fewer auxiliary procedures, with only three sec-
ond stage procedures in the elderly (8%) and younger (4%)
cohorts apiece. When exploring retrograde ureteroscopy as
an option for large renal stones, Riley et al. [15] noted an
average of 1.82 procedures required with an overall 90.9%
stone free rate for stones larger than 3 cm; and Ricchiuti
et al. [16] found that as size increases stone free rates
decline from 87.5% in the 2e3 cm stone size down to 40% in
the greater than 4 cm groups. In addition, they note that
overall 43% of patients required a second procedure to
achieve a stone free state. Thus, in our estimation, PCNL
achieves acceptable stone free rates with comparable
complications despite the larger stone burden and more
invasive nature of the procedure, minimizing the need for
secondary procedures and consistent with other studies
examining PCNL in the elderly [7,8,10].
We do note the relatively high, though statistically
similar rate of transfusions (14% and 15%, p Z 0.54) and
angioembolizations (11% vs. 3%, p Z 0.09) for the elderly
and younger cohort, respectively. With regards to the high
transfusion rate we believe this is acceptable percentage
with the inherent risks of the procedure and the low rate of
necessary second stage procedure. In fact contemporary
papers have reported transfusion rates as high as 12% [17].
In addition, based on previously published literature by
our institution examining vascular complications after
renal parenchymal surgery, we opt for early diagnosticTable 4 Postoperative outcomes and complications.
Variable All renal u
Renal units (n) 108
Change Hgb (g/dL), mean 1.8
Transfusion, n (%) 16
Length of stay (day), mean (range) 4.10
Total complication rate, n (%) 46
Minor complications (Clavien I e II), n (%) 30
Major complications (Clavien IIIa e IVb), n (%) 17
Fever, n (%) 24
Sepsis, n (%) 10
Angioembolization, n (%) 6
Intensive care unit, n (%) 8angiography rather computer tomography with contrast as
angiography can be diagnostic and therapeutic when
delayed bleed is suspected. This strategy does not appear
to worsen renal function [18]. Moreover, early angioemob-
lization rather than observation can reduce further trans-
fusions and minimize duration of hospitalization [10].
The elderly patients in our study had more comorbid-
ities, worse ASA scores, and more UTIs requiring preoper-
ative antibiotics; nevertheless, their outcomes were
comparable to the younger cohort. The elderly endured the
procedure without increased risk of bleeding as evidenced
by similar decreases in hemoglobin, transfusion rates and
angioembolization rates. Contrary to previous studies
finding a slightly increased risk of complications and hos-
pital stays, our patients over the age of 80 were not more
likely to experience complications post-PCNL (36% vs. 46%;
p Z 0.29) and we saw only a slightly longer, though non-
significant, trend toward increased length of stay [10].
The successful outcomes of these patients may in part be
due to the medical community’s increasing comfort in
managing and understanding the potential pitfalls inherent
with high-risk procedures in elderly patients. A multidisci-
plinary preoperative evaluation is necessary and increas-
ingly routine in these complex patients.
Regarding asymptomatic patients, it has been well
documented that individuals, especially women, with a
history of kidney stones have an increased risk of CKD (odds
ratio 1.5) as well as a higher likelihood of requiring dialysis
(odds ratio 2.37) [19]. In patients with CKD (pre-PCNL GFR
of 32.1 mL/min/1.73 m2) who undergo PCNL it has been
shown that up to 86.8% will have stable or improved renalnits <65 years 80 years p-Value
72 36
1.9 1.5 0.24
11 (15) 5 (14) 0.54
3.74 (2e14) 4.89 (1e26) 0.1
33 (46) 13 (36) 0.29
23 (32) 7 (19)
11 (15) 6 (17)
18 (25) 6 (17) 0.23
7 (10) 3 (8) 0.54
2 (3) 4 (11) 0.09
5 (7) 3 (8) 0.54
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imperative to treat patients preventatively [21]. In our
population we noted a higher prevalence of CKD in the
elderly population (80 year old) compared with those <65
years old (31% vs. 6%, p < 0.001), which is in stark contrast
to the national overall prevalence of 14.0% [19]. This dif-
ference may be due to a combination of factors for which
nephrolithiasis likely contributesor may be a consequence
of failure to treat asymptomatic stones aggressively earlier.
This subject is beyond the scope of this paper and requires
further study.
The risk of acute and recurrent urinary infections and
their impact on long-term renal deterioration is of para-
mount importance when deciding between stone observa-
tion and intervention in the elderly. Krambeck et al. [22]
reported as age increases, nephrolithiases in the elderly
were more likely to present with fevers and UTIs rather
than acute colic, and stones were less likely to pass spon-
taneously, thus increasing the need for intervention.
Saucier et al. [23] found that stone formers with CKD had
more frequent UTI’s than those without CKD (22.6% vs.
6.6%, p Z 0.004). Furthermore, the need for emergency
urinary tract drainage approximately doubles for patients
75 years [24]. Consistent with previously reported find-
ings, the elderly group in our study was more likely to have
CKD, positive or contaminated preoperative urine cultures,
and have received preoperative antibiotics. Taken
together, these findings help highlight the importance of
managing nephrolithiasis in the elderly in a timely
controlled manner.
Through our experience with performing PCNL on the
elderly we have noted eight key observations/suggestions
when managing these patients:
1) Ensure patients have undergone necessary preoperative
clearances and treatments to optimize reserves prior to
the procedure.
2) Consider having a lower threshold to intervene earlier
rather than observe stone growth overtime as evidence
points increasing medical comorbidity as age increases.
3) At initial presentation of acute crisis with patients who
meet reasonable criteria for percutaneous intervention
(i.e., large stone burden, narrow infundibulum, acute
angle of lower pole, etc.) consider placing nephrostomy
tube prior to stone manipulation (stenting may be an
acceptable alternative).
4) If complications (i.e., bleeding, sepsis) occur consider
early intervention and closer observation.
5) If medically appropriate, percutaneous nephrolithotomy
is preferred over shock wave lithotripsy, as it tends to
have higher stone free rates with fewer secondary
procedures.
6) Ensure adequate padding of pressure points during
procedure.
7) Recommend family members are present evenings after
the procedure to help with events such as sun downing.
8) Recommend early ambulation with assistance and early
physical therapy consult.
There are several limitations to our study including the
retrospective design. Prospective controlled studies with
patients randomized to treatment versus observation, ifdeemed to be ethically advisable, would be needed to fully
evaluate if surgery is necessary in these patients. However,
the patients who were in these cohorts were symptomatic
deeming intervention appropriate. Another limitation is the
relatively small sample size. It is conceivable that with only
36 elderly renal units analyzed more subjects may reveal
significant differences. Last, the fact that the study was
carried out at high volume single institution limits its
generalizability.
5. Conclusion
Percutaneous nephrolithotomy, in appropriately selected
individuals, is safe and effective in patients over the age of
80 years despite the relative increase in comorbidities
when compared to a matched cohort of younger patients.
Treating the elderly with symptomatic stones may lead to
less health care dollars spent and improved quality of life
for those afflicted. As such, PCNL should not be denied to
patients 80 years and older on the basis of age alone.Conflicts of interest
The authors declare no conflict of interest.References
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